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IMAGING APPARATUS, PHASE CONTROL 
METHOD, AND SYNCHRONIZATION 

METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an imaging apparatus 

including an optical ?ber cable. More speci?cally, the present 
invention relates to an imaging apparatus, to a phase control 
method therefor, and to a synchronization method therefor. 

2. Description of the Related Art 
Various imaging systems (imaging apparatuses) have been 

commercially available for the purpose of security. One 
knoWn imaging system is a monitoring system in Which video 
from one or a plurality of cameras installed in a place, such as 
an of?ce building or a house, is observed by an operator on a 
monitor. 

This type of imaging apparatus or monitoring system has a 
netWork that carries data, such as a video signal generated by 
video captured With the camera or cameras, over Which the 
data is transmitted from the camera or cameras to the monitor 
(see, for example, Japanese Unexamined Patent Application 
Publication No. 7-212748). 

In the imaging apparatus, the netWork is established using 
a multi-core cable, Which requires time-consuming installa 
tion because of its complicated connection, and the multi 
core cable typically carries analog signals. Video signals 
transmitted over a long distance can become degraded, thus 
making it dif?cult to clearly display video on a monitor dis 
tant from the camera or cameras. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a neW and improved imaging apparatus capable of 
transmitting video via an optical ?ber cable, a phase control 
method therefor, and a synchronization method therefor. 

In one aspect, the present invention provides an imaging 
apparatus including at least one camera device that photo 
graphs an object, a signal processor that receives a video 
signal from the camera device, and a connection cable con 
necting the camera device and the signal processor. The cam 
era device includes a ?rst phase controller that compares the 
phase of a synchronization signal transmitted from the signal 
processor With the phase of an internal signal generated by the 
camera device, and that controls the phase of the internal 
signal so as to be synchronized With the phase of the synchro 
nization signal, a video synchronization signal generator that 
generates a video synchronization signal that is a synchroni 
zation signal for the video signal based on the internal signal 
Whose phase is synchronized With the phase of the synchro 
nization signal transmitted from the signal processor, and a 
signal transmitter that transmits via the connection cable at 
least a video signal that includes the video synchronization 
signal or a video signal that does not include the video syn 
chronization signal. The signal processor includes a second 
phase controller that compares the phase of the video syn 
chronization signal With the phase of the synchronization 
signal transmitted from the signal processor, and that controls 
the phase of the video synchronization signal so as to be 
synchronized With the phase of the synchronization signal. 

According to the present invention, the phases of signals 
exchanged via the connection cable betWeen the camera 
device and the signal processor are synchronized. Thus, if the 
connection cable causes a transmission delay, a video signal 
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2 
transmitted from the camera device can be transmitted to the 
signal processor Without any phase difference. 
The video synchronization signal may be a horizontal syn 

chronization signal. Thus, it is only required to control one 
video synchronization signal so that no phase difference 
occurs, leading to high-ef?ciency phase synchronization con 
trol. 
The connection cable may be an optical ?ber cable. This 

alloWs a video signal, etc., to be transmitted at high rate 
betWeen the camera device and the signal processor that are 
distant from each other. 
The signal transmitter may include a multiplexer that mul 

tiplexes a video signal including at least a video synchroni 
zation signal. 
The multiplexer may multiplex the video signal and the 

video synchronization signal so as to be transmitted via the 
optical ?ber cable. 
The phase of the synchronization signal may be synchro 

nized With the phase of an external synchronization signal 
transmitted from an external device. Thus, control from the 
external device, such as sWitching of video, can be performed 
timely. 
The second phase controller may output a second transmis 

sion synchronization signal Whose phase is synchronized 
With the phase of an external synchronization signal transmit 
ted from an external device. Since the phase of the second 
transmission signal is synchronized With the phase of the 
video signal, an instruction signal from the signal processor 
can be sWitched timely according to the phase of the video 
signal. 
The signal processor may further include a signal transmit 

ter that transmits the second transmission synchronization 
signal via the connection cable. 
The video synchronization signal may be at least a hori 

zontal synchronization signal or at least one horizontal refer 
ence signal generated based on the horizontal synchroniza 
tion signal. 

In another aspect, the present invention provides an imag 
ing apparatus including at least one camera device that pho 
tographs an object, a signal processor that receives a video 
signal from the camera device, and a connection cable con 
necting the camera device and the signal processor. The cam 
era device includes a ?rst synchronization signal transmitter 
that transmits a ?rst synchronization signal to the signal pro 
cessor via the connection cable so that a signal transmitted 
from the camera device can be received by the signal proces 
sor, and a ?rst synchronization determining unit that deter 
mines Whether or not a second synchronization signal for 
alloWing a signal transmitted from the signal processor to be 
received by the camera device has been transmitted from the 
signal processor, and that determines that synchronization 
from the signal processor to the camera device is established 
When the second synchronization signal has been transmitted 
from the signal processor. The signal processor includes a 
second synchronization determining unit that determines 
Whether or not the ?rst synchronization signal has been trans 
mitted from the camera device, and that determines that syn 
chronization from the camera device to the signal processor is 
established When the ?rst synchronization signal has been 
transmitted from the camera device, and a second synchroni 
zation signal transmitter that transmits the second synchroni 
zation signal to the camera device via the connection cable. 
Synchronization betWeen the camera device and the signal 
processor is automatically established. 

According to the present invention, the synchronization 
determining units of the camera device and the signal proces 
sor alloW synchronization to be established from the camera 
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device to the signal processor and from the signal processor to 
the camera device. Thus, synchronization is automatically 
established betWeen the camera device and the signal proces 
sor Without any special synchronization processing. 
The ?rst synchronization signal transmitter and the second 

synchronization signal transmitter may transmit the ?rst and 
second synchronization signals, respectively, When the syn 
chronization is disturbed or When the imaging apparatus is 
poWered on. Thus, When synchronization is disturbed or 
When the imaging apparatus is poWered on, synchronization 
can automatically be established to constantly transmit sig 
nals. The connection cable may be an optical ?ber cable. 

In another aspect, the present invention provides a phase 
control method for an imaging apparatus including at least 
one camera device that photographs an object, a signal pro 
cessor that receives a video signal from the camera device, 
and a connection cable connecting the camera device and the 
signal processor. The phase control method includes compar 
ing the phase of a synchronization signal transmitted from the 
signal processor With the phase of an internal signal generated 
by the camera device, controlling the phase of the internal 
signal so as to be synchronized With the phase of the synchro 
nization signal, generating a video synchronization signal 
that is a synchronization signal for the video signal based on 
the internal signal Whose phase is synchronized With the 
phase of the synchronization signal, transmitting a video 
signal including at least the video synchronization signal 
from the camera device to the signal processor via the con 
nection cable, comparing the phase of the video synchroni 
zation signal With the phase of the synchronization signal, and 
controlling the phase of the video synchronization signal so 
as to be synchronized With the phase of the synchronization 
signal. 
The video synchronization signal may be a horizontal syn 

chronization signal. The connection cable may be an optical 
?ber cable. 

The camera device may multiplex at least the video signal. 
The phase of the synchronization signal may be synchronized 
With the phase of an external synchronization signal transmit 
ted from an external device. 

The signal processor may output a second transmission 
synchronization signal Whose phase is synchronized With the 
phase of an external synchronization signal transmitted from 
an external device. 

In another aspect, the present invention provides a synchro 
nization method for an imaging apparatus including at least 
one camera device that photographs an object, a signal pro 
cessor that receives a video signal from the camera device, 
and a connection cable connecting the camera device and the 
signal processor. The synchronization method includes trans 
mitting a ?rst synchronization signal from the camera device 
to the signal processor via the connection cable so that a 
signal transmitted from the camera device can be received by 
the signal processor, determining Whether or not the ?rst 
synchronization signal has been transmitted from the camera 
device, determining that synchronization from the camera 
device to the signal processor is established When the ?rst 
synchronization signal has been transmitted from the camera 
device, transmitting a second synchronization signal from the 
signal processor to the camera device via the connection cable 
so that a signal transmitted from the signal processor can be 
received by the camera device, determining Whether or not 
the second synchronization signal has been transmitted from 
the signal processor, and determining that synchronization 
from the signal processor to the camera device is established 
When the second synchronization signal has been transmitted 
from the signal processor. 
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4 
The ?rst synchronization signal or the second synchroni 

zation signal may be transmitted When the synchronization is 
disturbed or When the imaging apparatus is poWered on. The 
connection cable may be an optical ?ber cable. 

In another aspect, the present invention provides an imag 
ing apparatus including at least one camera device that pho 
tographs an object, a signal processor that receives a video 
signal from the camera device, and a connection cable con 
necting the camera device and the signal processor. The cam 
era includes a ?rst phase controller that compares the phase of 
a ?rst transmission synchronization signal for transmitting a 
signal from the signal processor via the connection cable and 
the phase of a second transmission synchronization signal for 
transmitting a signal from the camera device via the connec 
tion cable, and that controls the phase of the second transmis 
sion synchronization signal so as to be synchronized With the 
phase of the ?rst transmission synchronization signal, a video 
synchronization signal generator that generates a video syn 
chronization signal that is a synchronization signal for the 
video signal based on the second transmission synchroniza 
tion signal Whose phase is synchronized With the phase of the 
?rst transmission synchronization signal, and a signal trans 
mitter that transmits the video signal including at least the 
video synchronization signal via the connection cable. The 
signal processor includes a second phase controller that com 
pares the phase of the video synchronization signal With the 
phase of the synchronization signal, and that outputs the ?rst 
transmission synchronization signal Wherein the phase of the 
video synchronization signal is controlled so as to be syn 
chronized With the phase of the synchronization signal. 

According to the present invention, therefore, in an imag 
ing apparatus including an optical ?ber cable, synchroniza 
tion can be established, thus alloWing a high-quality video 
signal to be transmitted to a distant place. 
The present invention is applicable to an imaging apparatus 

including an optical ?ber cable, to a phase control method 
performed via the optical ?ber cable, and to a synchronization 
method performed via the optical ?ber cable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of an imaging appa 
ratus according to an embodiment of the present invention; 

FIG. 2 is a schematic block diagram of an imaging appa 
ratus of the related art; 

FIG. 3 is a schematic diagram shoWing optical signal trans 
mission in the imaging apparatus according to the embodi 
ment of the present invention; 

FIG. 4 is a schematic diagram shoWing synchronization 
performed in the imaging apparatus according to the embodi 
ment of the present invention; 

FIG. 5 is a ?owchart schematically shoWing a synchroni 
zation process performed in the imaging apparatus according 
to the embodiment of the present invention; 

FIG. 6 is a schematic diagram of an equivalent circuit of 
transmission channels of the imaging apparatus according to 
the embodiment of the present invention; 

FIG. 7 is a schematic block diagram of an imaging appa 
ratus that performs external synchronization according to the 
embodiment of the present invention; 

FIG. 8 is a ?owchart schematically shoWing a phase control 
process according to the embodiment of the present inven 
tion; 

FIG. 9 is a schematic diagram shoWing a multiplexing 
process performed by a camera device according to the 
embodiment of the present invention; 
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FIG. 10 is an operation time chart showing a multiplexing 
process performed in the imaging apparatus according to the 
embodiment of the present invention; and 

FIG. 11 is a schematic diagram shoWing a process for 
remotely controlling poWer supply to the camera device 
according to the embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention Will noW 
be described in detail With reference to the accompanying 
draWings. In the folloWing description and throughout the 
accompanying draWings, components having substantially 
the same function and structure are given the same reference 
numerals, and a redundant description thereof is thus omitted. 

FIG. 1 is a schematic block diagram of an imaging appa 
ratus 100 according to an embodiment of the present inven 
tion. 

As shoWn in FIG. 1, the imaging apparatus 100 includes a 
camera device 101, a signal processor 102, a remote control 
ler 103, and an optical ?ber cable 105. The imaging apparatus 
100 may include a plurality of camera devices 101, signal 
processors 102, and remote controllers 103. 

The camera device 101 photographs an object to generate 
a video signal, and perfonns processing, such as multiplex 
ing, on the generated video signal. The resulting video signal 
is then transmitted to the signal processor 102 via the optical 
?ber cable 105. The signal processor 102 performs process 
ing, such as demultiplexing, on the multiplexed video signal, 
and outputs the resulting video signal to a display device (not 
shoWn). The remote controller 1 03 is used to remotely control 
motions of the camera device 101, such as panning, tilting, 
and zooming. The signal processor 102 is, for example, a 
relay device, and may further relay the received video signal 
to another signal processor 102. 

The camera device 101 includes a lens 201, a control unit 
203 for controlling the components, such as the lens 201, and 
an imaging unit 205. The imaging unit 205 includes an imag 
ing device for capturing an image of an object, and a video 
signal processing circuit. The camera device 101 further 
includes a multiplexer 207, a converter 209 for converting a 
parallel signal to a serial signal, and an optical transmitter/ 
receiver 211 for transmitting and receiving an optical signal 
via the optical ?ber cable 105. The camera device 101 further 
includes a sWivel base 213 for controlling the photographing 
direction of the camera device 101, and a poWer supply unit 
215. In an embodiment, the converter 209 may be a serializer/ 
deserializer (SERDES). 

The camera device 101 may be any camera capable of 
transmitting and receiving signals via at least the optical ?ber 
cable 105, and may be a monitoring camera, a remote moni 
toring camera, a digital still camera, a digital video camera, a 
portable phone equipped With a digital still camera, or a 
portable phone equipped With a digital video camera. 

The imaging unit 205 outputs video of an object captured 
via the lens 201 in the form of a video signal constituted by a 
Y signal (luminance signal) and a C signal (chrominance 
signal) each having 8-bit digital data. 
The control unit 203 controls the lens 201 to adjust the 

aperture or the shutter speed, and also controls a camera 
signal processor (not shoWn) that performs brightness correc 
tion and that encodes a video signal into a digital signal. The 
control unit 203 may be a microcomputer. 
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6 
The converter 209 is formed of an integrated circuit (IC) for 

performing parallel-to-serial or serial-to-parallel conversion 
on an input signal. The details of the converter 209 are 
described beloW. 
The optical transmitter/receiver 211 converts an input elec 

trical signal into an optical signal or converts an input optical 
signal into an electrical signal, and outputs the converted 
signal. The optical transmitter/receiver 211 may be an SFP 
(Small Form Factor Pluggable) module. 
The SFP module is a laser transceiver module complying 

With SFP, Which is one of the communication-industry stan 
dards. The SFP module is a module With pluggable connec 
tion to a substrate using a speci?c 20-pin connector. The SFP 
module has a plurality of interchangeable forms, e.g., the 
communication rate, the laser Waveform, or the optical con 
nector type. For example, the SFP module may be a multi 
mode ?ber SFP module With an LC optical connector, having 
a communication rate of 2.5 Gbps and a laser Waveform of 
850 pm. 
The sWivel base 213 includes a sWivel base controller (not 

shoWn) for controlling the sWivel base 213 so as to be rotated 
in the vertical and horizontal directions. The sWivel base 
controller is controlled by the control unit 203. 
The signal processor 102 includes an optical transmitter/ 

receiver 251, a converter 253, a demultiplexer 255, an output 
unit 257, an external synchronization processing unit 259, a 
control unit 261 for controlling the components, and a poWer 
supply unit 263 for supplying poWer to the signal processor 
102. The optical transmitter/receiver 251 and the converter 
253 have substantially the same structure as that of the optical 
transmitter/receiver 211 and the converter 209 of the camera 
device 101, respectively. 
The demultiplexer 255 separates the multiplexed video 

signal, synchronization signal, etc., input from the camera 
device 101 into the individual signals. The demultiplexer 255 
further demodulates a digital video signal into an analog 
video signal. The output unit 257 outputs the digital video 
signal, the analog video signal, or the synchronization signal, 
such as a video synchronization signal, to an external device, 
such as a display device. 

The external synchronization processing unit 259 receives 
an external synchronization signal from an external device, 
such as a sWitcher, and locks the phases of the external syn 
chronization signal and the video synchronization signal 
input from the camera device 101, Which is a horizontal 
synchronization signal HD or a vertical synchronization sig 
nal VD. The details of the phase locking operation are 
described beloW. 
The control unit 261 may be a microcomputer that controls 

processing performed by the components. The control unit 
261 receives a control signal from the remote controller 103 
to remotely control processing of the camera device 101, such 
as exposure adjustment and White balance setting. 

In the present embodiment, the signal processor 102 may 
include a multiplexer. Thus, a control signal from the remote 
controller 103 may be multiplexed and the multiplexed signal 
may be transmitted to the camera device 101. 

In the present embodiment, the camera device 101 may 
include a demultiplexer. Thus, the camera device 101 may 
receive a multiplexed control signal or instruction signal 
transmitted from the signal processor 102. 
The optical ?ber cable 105 (105a and 1051)) may be any 

cable depending upon the form of the optical transmitters/ 
receivers 211 and 251. In the present embodiment, the optical 
?ber cable 105 is, for example, a multi-mode tWo-?ber cable 
With Duplex LC optical connectors at both ends. 
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FIG. 2 is a schematic block diagram of an imaging appa 
ratus 200 of the related art. 

The imaging apparatus 200 of the related art requires mul 
tiple complicated lines for exchanging a plurality of signals in 
order to transmit a video signal from a camera device 301 to 
a distant place or to remotely operate the camera device 301. 
As shoWn in FIG. 2, for example, a video signal and a 

synchronization signal, such as a video synchronization sig 
nal, must be transmitted from the camera device 301 to a 
camera poWer supply unit 310. An external synchronization 
signal must be transmitted from the camera poWer supply unit 
310 to the camera device 301, and the poWer supply must also 
be transmitted to the camera device 301. 
A multi-core cable 305 is connected betWeen the camera 

device 301 and the camera poWer supply unit 310 to exchange 
a plurality of signals betWeen the camera device 301 and the 
camera poWer supply unit 310 and to supply poWer. 
As shoWn in FIG. 2, a dedicated communication cable 315 

is connected betWeen the camera device 301 and a camera 
remote controller 303 to exchange signals. A dedicated com 
munication cable 317 is connected betWeen a sWivel base 413 
and a controller 312 for controlling a lens 401 or the sWivel 
base 413 to exchange a sWivel base control signal for control 
ling the sWivel base 413 or the like. 

Thus, a video signal of video captured by the camera device 
301 must be transmitted to, for example, a place several 
hundred meters distant from the camera device 301 using the 
three long cables, i.e., the multi-core cable 305 and the com 
munication cables 315 and 317. 

In the imaging apparatus 200 of the related art, it is com 
plicated to connect a long multi-core cable. Moreover, a thick 
heavy multi-core cable is required for preventing a reduction 
of a poWer supply voltage or degradation of signals, and 
time-consuming cable installation is therefore required. 

The long multi-core cable used in the imaging apparatus 
200 of the related art is costly, and carries analog signals. 
Thus, degradation of signals, particularly, video signals, due 
to long-distance transmission, e. g., deterioration in frequency 
characteristics, induced noise from other electrical cables, 
etc., is not negligible. 

Since the signals to be transmitted and received are carried 
on corresponding dedicated lines, the cable design itself must 
be changed to change or add a signal, resulting in loW ?ex 
ibility and extensibility. Moreover, cable extension can 
induce spurious radiation. 

If an external synchronization signal from an external 
device, such as a sWitcher, is input to the camera poWer supply 
unit 310 to apply synchronization, the camera device 301 is 
formed of a phase locked loop (PLL) because it is dif?cult that 
the overall imaging apparatus 200 is constituted by a PLL in 
vieW of spurious radiation, etc. In this case, phase locking 
adjustment is required for signal delay on transmission chan 
nels When exchanging signals via a cable or the like. 

FIG. 3 is a schematic diagram shoWing optical signal trans 
mission in the imaging apparatus 100 according to the 
embodiment of the present invention. 

The imaging apparatus 100 shoWn in FIG. 3 provides full 
duplex optical signal transmission and reception. That is, 
bi-directional transmission and reception is carried out from 
the camera device 101 to the signal processor 102 and from 
the signal processor 102 to the camera device 101. 
As shoWn in FIG. 3, the camera device 101 and the signal 

processor 102 are connected via the optical ?ber cable 105, 
and each of the camera device 101 and the signal processor 
102 includes a converter (i.e., the converters 209 and 253), 
and an optical transmitter/receiver (i.e., the optical transmit 
ters/receivers 211 and 251). 
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8 
Each of the converters 209 and 253 has an input section to 

Which a multiplexed signal having 16 bits is input, and an 
output section from Which a 16-bit signal electrically con 
verted from the optical signal is output. 
The input section includes a bit converter 451 (451a and 

45119), and a parallel-serial converter 453 (453a and 45319). 
The output section includes a bit converter 457 (457a and 
45719), and a serial-parallel converter 455 (455a and 45519). 
The bit converter 451 divides a parallel input signal having 

16 bits into tWo 8-bit signals, and converts the 8-bit signals 
into l0-bit signals, called 8B (bit)/ 10B (bit) conversion. The 
8B/ 10B conversion is an encoding scheme for, for example, 
lEEEl394b. The bit converter 457 performs an opposite con 
version to that of the bit converter 451, that is, conversion 
from l0-bit signals into 8-bit signals. 
The parallel-serial converter 453 converts the l0-bit paral 

lel signals, i.e., a total of20 bits ofparallel signals, into a serial 
signal. The serial-parallel converter 455 converts a 20-bit 
serial input signal transmitted from the optical transmitter/ 
receiver 211 or 251 into l0-bit parallel signals. 

Each of the optical transmitters/receivers 211 and 251 
includes an optical transmitter 471 (471a and 47119) and an 
optical receiver 473 (473a and 47319). The optical transmitter 
471 converts a serial electrical signal into an optical signal, 
and transmits the optical signal via the optical ?ber cable 105. 
The optical receiver 473 receives the optical signal via the 
optical ?ber cable 105, and converts the optical signal into an 
electrical signal. 
A full-duplex data transmission from the camera device 

101 to the signal processor 102 via the optical ?ber cable 105a 
Will noW be described. 

In the camera device 101, a multiplexed parallel signal, 
such as a video signal, is input to a parallel input port of the 
converter 209. The input parallel signal is encoded With 
8B/ 10B conversion by the bit converter 451a, and is then 
converted by the parallel-serial converter 453a into a serial 
signal, Which is then output. 
The optical transmitter 471a converts the serial signal from 

the parallel-serial converter 453a into an optical signal, and 
transmits the optical signal via the optical ?ber cable 10511. 

In the signal processor 102, the optical receiver 473!) 
receives the optical signal transmitted from the camera device 
101, and converts the optical signal into an electrical signal. 
The converted electrical signal is input to a serial input port of 
the converter 253. 

The serial input signal is converted by the serial-parallel 
converter 4551) into parallel signals, and is then subjected to 
IOB/ 8B conversion by the bit converter 45719. The converted 
8-bit signals constitute a l6-bit output signal, Which is then 
output. In this Way, data transmission via the optical ?ber 
cable 105 is performed. A data transmission process from the 
signal processor 102 to the camera device 101 via the optical 
?ber cable 105!) is opposite to the data transmission process 
from the camera device 101 to the signal processor 102 
described above. 

FIG. 4 is a schematic diagram of the imaging apparatus 100 
that alloWs Word synchronization according to the embodi 
ment of the present invention. 
A signal that is exchanged betWeen the camera device 101 

and the signal processor 102 via the optical ?ber cable 105 is 
a serial signal having 20 bits per Word, as described above. 
Since the serial signal contains no synchronization signal for 
transmission and reception, synchronization is not estab 
lished betWeen a transmitter and a receiver. A signal trans 
mitted from the transmitter cannot be successfully received 
by the receiver. 
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The receiver cannot recognize the spacing or boundaries 
between words in the transmitted bit stream. It is therefore 
necessary to establish word synchronization between the 
transmitter and the receiver. A word is a sequence of 20 bits, 
by way of example. In the following description, the term 
word is used; however, the present invention is not limited to 
this terminology. 

In the imaging apparatus 100 shown in FIG. 4, the camera 
device 101 includes an enabling signal generator circuit 501 
that generates an enabling signal for permitting generation of 
a COMMA signal, and a converter 209, and the signal pro 
cessor 102 includes a converter 253. 

The COMMA signal is a synchronization signal (or sync 
signal) for allowing word synchronization between the cam 
era device 101 and the signal processor 102, having a 
sequence of bits speci?c to word synchronization. 
Each of the converters 209 and 253 includes a signal trans 

mitter 503 (503a and 50319) and a synchronization unit 505 
(505a and 5051)). 
The signal transmitter 50311 has a switching function for 

outputting one of two signals, e.g., a COMMA signal. When 
an enabling signal is input from the enabling signal generator 
circuit 501, that is, in a low state, the signal transmitter 503a 
generates and outputs a COMMA signal. When an enabling 
signal is not input but normal data (e.g., a 16-bit signal) is 
input, that is, in a high state, the signal transmitter 503a 
outputs the input signal having 16 or 20 bits. 

The signal transmitter 503!) has substantially the same 
structure as that of the signal transmitter 503a, except that an 
input enabling signal is transmitted from the synchronization 
unit 5051). 

The synchronization unit 505 (505a and 505b) checks the 
data received via the optical ?ber cable 105, and becomes 
high when the received data is normal data. If the received 
data is an abnormal signal, e.g., a COMMA signal, the syn 
chronization unit 505 becomes low and outputs an enabling 
signal. Accordingly, when the synchronization unit 505 deter 
mines that the signal transmitted from the transmitter is a 
COMMA signal, word synchronization for data transmission 
from the transmitter to the receiver is established. 

FIG. 5 is a ?owchart schematically showing a word syn 
chronization process according to the present embodiment. 
Word synchronization is established, for example, after the 

imaging apparatus 100 is partially or entirely powered on or 
when word synchronization established is disturbed by some 
reason. In such a case, the COMMA signal output from the 
transmitter allows the receiver to establish word synchroni 
zation, leading to correct data transmission and clock repro 
duction. 

In general computer networks, intermittent data transmis 
sion is performed, and it is therefore necessary to generate a 
COMMA signal each time data transfer begins to establish 
word synchronization with a transmission destination. 

However, the imaging apparatus 100 according to the 
present embodiment performs sequential transmission of 
data, such as video signals. Therefore, a COMMA signal is 
generated one time after the imaging apparatus 100 is pow 
ered on, and the COMMA signal is exchanged to establish 
word synchronization. 
As shown in FIG. 5, in the word synchronization process, 

when the imaging apparatus 100 is powered on, ?rst, a system 
reset signal is generated by the camera device 101 (step 
S1001). 
When the power is turned on, as shown in FIG. 4, a system 

reset signal is generated for a certain period of time, and a 
terminal of the enabling signal generator circuit 501 con 
nected to the converter 209 is turned to low via NOR gates 3 
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10 
and 2 for the period of time. Thus, an enabling signal is output 
from the enabling signal generator circuit 501. 
When the enabling signal is input, the signal transmitter 

503a generates a COMMA signal. The generated COMMA 
signal is subjected to predetermined processing, such as IOB/ 
8B conversion, described above, and is then transmitted via 
the optical ?ber cable 105a (step S1003). 

In the signal processor 102, the converter 253 receives the 
COMMA signal transmitted from the camera device 101 
(step S1005), and outputs the received signal to the synchro 
nization unit 5051). The synchronization unit 5051) determines 
whether or not the COMMA signal has been received (step 
S1007). If the COMMA signal has been received, the syn 
chronization unit 5051) outputs a low signal as an enabling 
signal from an output terminal. 
When the enabling signal is output from the synchroniza 

tion unit 505b, the synchronization unit 5051) establishes 
synchronization from the camera device 101 to the signal 
processor 102 (step S1009). 
An input terminal of the signal transmitter 503!) connected 

to the synchronization unit 5051) also becomes low, and 
receives the enabling signal. Thus, the signal transmitter 503!) 
also generates a COMMA signal. The generated COMMA 
signal is transmitted from the signal processor 102 to the 
camera device 101 (step S1011). 

In the camera device 101, the converter 209 receives the 
COMMA signal transmitted from the signal processor 102 
(step S1013), and outputs the received signal to the synchro 
nization unit 50511. The synchronization unit 505a determines 
whether or not the COMMA signal has been received (step 
S1015). If the COMMA signal has been received, the syn 
chronization unit 505a outputs a low signal as an enabling 
signal from an output terminal. 
When the enabling signal is output from the synchroniza 

tion unit 50511, the synchronization unit 505a establishes 
synchronization from the signal processor 102 to the camera 
device 101 (step S1017). 

Therefore, the COMMA signals transmitted from the sig 
nal transmitters 503a and 50319 to the signal processor 102 
and the camera device 101 allow word synchronization to be 
established between the camera device 101 and the signal 
processor 102. The synchronization mode transitions to a 
normal data transmission mode when generation of the sys 
tem reset signal is completed. 
An automatic recovery operation for automatically estab 

lishing word synchronization when a normal data transmis 
sion state is not maintained because word synchronization is 
disabled due to disturbance, etc., will now be described. The 
horizontal sync signal HD shown in FIG. 4, which is a video 
sync signal, is a negative pulse generated at certain intervals 
while the camera device 101 is in a power-on state. 

In data transmission from the camera device 101 to the 
signal processor 102 or from the signal processor 102 to the 
camera device 101, if word synchronization is disturbed, as 
described above, the output terminal of the synchronization 
unit 505 of the camera device 101 or the signal processor 102 
becomes low, and an enabling signal is output from the syn 
chronization unit 505. 

If the synchronization unit 50511 of the camera device 101 
outputs an enabling signal to the enabling signal generator 
circuit 501 and the HD pulse input to the enabling signal 
circuit unit 501 becomes low, the input terminal of the signal 
transmitter 50311 of the camera device 101 is turned to low via 
the NOR gates 1 and 2 for a period of time corresponding to 
the low state of the HD pulse. Thus, a similar operation to that 
in the above-described event where the system reset signal is 
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generated is performed, and Word synchronization is auto 
matically recovered between the camera device 101 and the 
signal processor 102. 
The Word synchronization is automatically recovered 

When Word synchronization, established When the imaging 
apparatus 100 is poWered on, is disturbed by any reason, 
thereby constantly providing stable full-duplex optical ?ber 
transmission betWeen the camera device 101 and the signal 
processor 102. 
When the imaging apparatus 100 is in a stable operation 

mode, the imaging apparatus 100 serves as a transmission 
system in Which bits (including clock signals) at a transmitter 
input port and a receiver output port of the camera device 101 
or the signal processor 102 are connected over delay lines. 
This is equivalent to transmission channels including signal 
delay, shoWn in FIG. 6. FIG. 6 is a schematic diagram of an 
equivalent circuit of the transmission channels of the imaging 
apparatus 100 according to the embodiment of the present 
invention. 

In a system circuit shoWn in FIG. 6, each of the transmis 
sion channels from the camera device 101 to the signal pro 
cessor 102 and from the signal processor 102 to the camera 
device 101 is connected by 16 delay lines and one delay line 
for clock signal transmission. 

FIG. 7 is a schematic block diagram of the imaging appa 
ratus 100 that alloWs external synchronization according to 
the embodiment the present invention. 

In this embodiment, external synchronization is performed 
by automatically locking the phase of a video sync signal 
transmitted over a long distance from the camera device 101 
via the optical ?ber cable 105 to the phase of an external sync 
signal input to the signal processor 102 from an external 
device Without manual phase adjustment using an oscillo 
scope. The present invention is not limited to this embodi 
ment, and, for example, the phase of the video sync signal 
may be locked to the phase of an internal sync signal oscil 
lated in the signal processor 102. 
As shoWn in FIG. 7, the imaging apparatus 100 that alloWs 

external synchronization includes a sync signal generator 602 
that outputs a video sync signal SYNC and a horizontal ref 
erence signal HREF, converters 209 and 253, optical trans 
mitters/receivers 211 and 251, a phase controller 601, 
namely, a phase controller 601a (?rst phase controller) pro 
vided for the camera device 101 and a phase controller 601!) 
(second phase controller) provided for the signal processor 
102, and a synchronization separator 603. The horizontal 
reference signal HREF is substantially equivalent to a hori 
zontal sync signal HD (or an HD signal), Which is the video 
sync signal, although the pulse Widths of the horizontal ref 
erence signal HREF and the horizontal sync signal HD differ 
from each other. 

For example, the phase controller 601 is a PLL, the phase 
controller 60111 is included in the controller 203 or the like, 
and the phase controller 601!) is included in the external 
synchronization processing unit 259. HoWever, the present 
invention is not limited to this example. 

The phase controller 601 includes a phase comparator 605 
(605a and 60519), a loW-pass ?lter (LPF) 607 (607a and 60719), 
and a voltage controlled crystal oscillator (V CXO) 609 (609a 
and 60919). 

In the present embodiment, the phase controller 601 may 
not include the LPF 607. The LPF 607 or VCXO 609 of the 
phase controller 601 is not limited to this embodiment. 

The synchronization separator 603 receives an external 
sync signal, and separates the external sync signal into a 
horizontal sync signal HR and a vertical sync signal VR. The 
video sync signal generator 602 outputs the video sync signal 
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SYNC and the horizontal reference signal HREF, by Way of 
example. The video sync signal generator 602 may output the 
horizontal and vertical sync signals HD and VD, etc. 

FIG. 8 is a ?owchart schematically shoWing a phase control 
process for external synchronization according to the 
embodiment of the present invention. 

In the imaging apparatus 100 that performs external syn 
chronization according to the present embodiment, a refer 
ence clock signal for synchronization is a clock signal output 
from the VCXO 60919 of the signal processor 102, e.g., a 
54-MHz clock signal. This clock signal is used as a sync 
signal (?rst transmission sync signal) for optical transmission 
from the signal processor 102 to the camera device 101. 

The sync signal (?rst transmission sync signal) for optical 
transmission from the signal processor 102 to the camera 
device 101 is transmitted from the signal processor 102 to the 
camera device 101 via the optical ?ber cable 1051). 

Referring to FIG. 8, in the camera device 101, When the 
phase controller 601a receives the optical transmission sync 
signal (?rst transmission sync signal) through the converter 
209, the phase comparator 605a compares the phase of the 
optical transmission sync signal (?rst transmission sync sig 
nal) With the phase of a clock signal (internal signal) output 
from the VCXO 609a (step S901). 

If the phase comparator 605a detects a phase difference 
betWeen the signals, the VCXO 609a outputs a phase-locked 
clock signal (internal signal) for synchronizing the phases 
based on a control voltage input from the LPF 607a so as to 
perform phase control (step S903). The phase controller 601a 
loops through the phase comparing processing (step S901) 
and the phase control processing (step S903) until the phases 
are locked and the transmission state becomes stable. The 
phase controller 601!) also performs similar loop processing. 
As described above, the camera device 101 also includes 

the VCXO 60911 that outputs a reference clock signal (internal 
signal), e.g., a 54-MHz clock signal. This clock signal is used 
as a clock signal (second transmission sync signal) for optical 
transmission Within an internal camera circuit of the camera 
device 101 or from the camera device 101 to the signal pro 
cessor 102. 

When the transmission channels of the optical ?ber cable 
105 become stable as a result of loop processing of the phase 
controller 60911, the second transmission sync signal Whose 
phase is locked or matched to a certain phase, e.g., a 54-MHz 
signal, is output from the VCXO 60911 of the camera device 
101. 

In this state, if the phase of the optical transmission sync 
signal transmitted from the signal processor 102 is moved, 
this phase movement at the signal processor 102 is passed to 
the phase of the clock signal reproduced by the camera device 
101. 

Therefore, the phase of the clock signal (internal signal) 
output from the VCXO 60911 of the camera device 101 is 
associated With the movement of the phase of the optical 
transmission sync signal (?rst transmission sync signal) 
transmitted from the signal processor 102. 
As shoWn in FIG. 8, the video sync signal generator 602 of 

the camera device 101 that generates a sync signal for a video 
signal is driven by the clock signal (internal signal) output 
from the VCXO 60911 to generate the video sync signal SYNC 
and the horizontal reference signal HREF, Which is substan 
tially equivalent to a horizontal sync signal HD for the video 
sync signal SYNC (step S905). 
The video sync signal SYNC and the horizontal reference 

signal HREF are transmitted to the signal processor 102 via 
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the optical ?ber cable 10511 as a portion of the transmission 
data from the camera device 101 to the signal processor 102 
(step S907). 

In the signal processor 102, the optical transmitter/receiver 
251 receives the video sync signal SYNC and the horizontal 
reference signal HREF (step S909). After conversion into an 
electrical signal and then into a parallel signal by the con 
verter 253, the phase of the horizontal reference signal HREF 
is compared by the phase comparator 60519 With the phase of 
the horizontal sync signal HR separated from the external 
sync signal by the synchronization separator 603 (step S911). 
As described above, the VCXO 6091) also performs phase 

control (step S913) so that the phase of the received horizon 
tal reference signal HREF is locked to the phase of the hori 
zontal sync signal HR of the external sync signal so that the 
phases. As the phase of the horizontal reference signal HREF 
is synchronized, the horizontal sync signal HD for the video 
sync signal SYNC is also synchronized. 

Thus, the horizontal reference signal HREF and video sync 
signal SYNC Whose phases are synchronized With the phase 
of the external sync signal are transmitted as an optical trans 
mission sync signal (?rst transmission sync signal) from the 
signal processor 102 to the camera device 101. As a result, the 
phases of the video sync signal SYNC and the optical trans 
mission sync signal, Which are processed by the signal pro 
cessor 102 and the camera device 101, are automatically 
matched to the phase of the external sync signal. Typically, 
such phase synchronization adjustment is performed manu 
ally depending upon the length of an optical ?ber cable using 
an oscilloscope or the like. 

In the phase control processing (step S913) according to 
the present embodiment, phase control is performed betWeen 
the horizontal reference signal HREF and the horizontal sync 
signal HR. HoWever, the present invention is not limited to 
this embodiment. For example, a phase difference betWeen 
the horizontal sync signal HD for the video sync signal SYNC 
and the horizontal sync HR may be detected to perform phase 
control, or a phase difference betWeen the vertical sync signal 
VD for the video sync signal SYNC and the vertical sync VR 
may be detected to perform phase control. Alternatively, a 
phase difference betWeen the horizontal sync signal HD and 
the horizontal sync HR, and the vertical sync signal VD and 
the vertical sync VR may be detected to perform phase con 
trol. 

Accordingly, a large PLL in Which each of the camera 
device 101 and the signal processor 102 has a feedback loop 
including a long-distance transmission channel (i.e., the opti 
cal ?ber cable 105) With large signal delay does not require 
phase locking adjustment. The vertical sync VR separated by 
the synchronization separator 603 is transmitted via the opti 
cal ?ber cable 105!) from the signal processor 102 to the video 
sync signal generator 602 of the camera device 101, and is 
reset by the video sync signal generator 602. 
A signal multiplexing process performed in the imaging 

apparatus 100 according to the embodiment of the present 
invention When transmitting a signal via the optical ?ber 
cable 105 Will noW be described With reference to FIG. 9. 
FIG. 9 is a schematic diagram shoWing a multiplexing process 
performed by the camera device 101. 
As shoWn in FIG. 9, in the camera device 101, signal 

groups 10 and 20 are input to the multiplexer 207 through the 
imaging unit 205 or the like. 

Each of the signal groups 10 and 20 may be, but not limited 
to, a 16-bit signal. Each signal group may be a signal having 
any bit length. In the present embodiment, a typical digital 
video signal having a luminance signal (Y signal) and a 
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chrominance signal (C signal) each having 8 bits is transmit 
ted With a format of a data transmission rate of 13.5 MHz. 

The signal group 10 includes the C signal, the video sync 
signal SYNC, the horizontal reference signal HREF, and a 
transmission signal 11. The transmission signal 11 may 
include, but not be limited to, a signal IDO, the horizontal sync 
signal HD, the vertical sync signal VD, and a signal Rx. 
The signal group 20 includes theY signal and a transmis 

sion signal 21. The transmission signal 21 may include, but 
not be limited, a signal ID1, a signal DISP, and a signal 
DISP_BLK. 
The signals contained in the signal groups 10 and 20 

according to the present embodiment are merely examples, 
and the signal groups 10 and 20 may include any other signal. 
The operating clock frequency of the converter 209 ranges 

from, for example, 30 to 75 MHz. Thus, the converter 209 has 
processing performance three to ?ve times higher than the 
data, rate of the video signals in the signal groups 10 and 20. 
The frequency range of the operating clock of the converter 
209 according to the present invention is not limited to that 
described above. 
The transmission rate of the optical transmitter/receiver 

211 is typically on the order of, for example, 1.25 Gbps or 2.5 
Gbps. The bit rate of a serial signal output from the converter 
209 is 20 times higher than the bit rate at Which a parallel 
signal is input, and the bit rate of the input signal to the 
converter 209 is therefore Within about 0.6 Gbps to 1.5 Gbps. 

Based on the conditions, such as the bit rate, the reference 
clock signal for driving the converter 209 according to the 
present embodiment operates at a clock frequency of 54 
MHz, Which is four times higher than the data rate of the video 
signal. This frequency is merely an example, and the con 
verter 209 may operate at any other frequency. 
As shoWn in FIG. 9, the 2:1 multiplexer 207 operates at a 

frequency of 27 MHz. When the signal groups 10 and 20 are 
input to the multiplexer 207, the tWo input signals, i.e., the 
signal groups 10 and 20, are multiplexed 2:1 into a single 
signal, and the multiplexed signal is output. 
As shoWn in FIG. 9, the multiplexed output signal is a 

27-MHz signal having 16 bits. The output signal multiplexed 
by the multiplexer 207 is input to the converter 209 that is 
driven by a 54-MHz clock signal. 

Since the 27-MHz signal is output from the multiplexer 
207, and the converter 209 operates at a frequency of 54 MHz, 
the converter 209 fetches and outputs the same data tWo times 
in serial transmission output shoWn in FIG. 9. 

In the serial transmission output, as shoWn in FIG. 10, the 
multiplexed signal groups 10 and 20 are fetched and output 
tWo times to the optical transmitter/receiver 211. FIG. 10 is an 
operation time chart shoWing a multiplexing process per 
formed in the imaging apparatus 100 according to the present 
embodiment. 

Therefore, the signal transmitted from the camera device 
101 to the signal processor 102 contains tWo identical data. 
The signal processor 102 processes one of the tWo data and 
ignores the other data to correctly process the data transmitted 
via the optical ?ber cable 105. 

In the signal processor 102, the demultiplexer 255 appro 
priately separates the transmission data multiplexed 2:1 by 
the multiplexer 207 into the signal groups 10 and 20. 

In the multiplexing process according to the present 
embodiment shoWn in FIGS. 9 and 10, transmission data to be 
transmitted from the camera device 101 to the signal proces 
sor 102 is multiplexed 2:1, by Way of example. 
The multiplexer 207 and the demultiplexer 255 provided 

for the camera device 101 and the signal processor 102 alloW 
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bi-directional transmission of, for example, parallel 13.5 
MHZ data having 64 bits between the camera device 101 and 
the signal processor 102. 

Accordingly, as far as the performance of devices used in 
the imaging apparatus 100 applies, Without replacing an opti 
cal ?ber cable, the amount of transmission data can be ?ex 
ibly changed Within the transmission performance of the opti 
cal ?ber cable. 

For example, in a case Where the converter 209 operates at 
a frequency of 54 MHZ, data to be transmitted from the optical 
transmitter/receiver 211 via the optical ?ber cable 105 may be 
multiplexed up to 4:1. 

In the illustrated embodiment, the transmission data to be 
transmitted from the camera device 101 to the signal proces 
sor 102 is multiplexed 2:1 by the multiplexer 207, and the 
multiplexed data is then transmitted via the optical ?ber cable 
105. HoWever, the present invention is not limited to this 
embodiment, and a larger amount of transmission data may 
be supported, e.g., the multiplexer 207 may multiplex trans 
mission data 4:1 With a clock signal of 54 MHZ. 

In the illustrated embodiment, the multiplexing process is 
performed by the camera device 101; hoWever, the present 
invention is not limited to this embodiment. For example, the 
signal processor 102 may include a multiplexer, and may 
perform a multiplexing process. 
A remote control process performed by the imaging appa 

ratus 100 according to the embodiment of the present inven 
tion in Which poWer supply to the camera device 101 is 
remotely controlled by the signal processor 102 via the opti 
cal ?ber cable 105 Will noW be described With reference to 
FIG. 11. FIG. 11 is a schematic diagram shoWing a process for 
remotely controlling poWer supply to the camera device 101 
according to the embodiment of the present invention. 

In the imaging apparatus 100 according to the present 
embodiment, poWer to the imaging unit 205 is supplied from 
a local poWer supply, rather than the signal processor 102. In 
the imaging apparatus 200 of the related art shoWn in FIG. 2, 
the camera poWer supply unit 310 remotely supplies poWer 
through the cable 305. 

Without the ability of the signal processor 102 to turn on 
and off poWer supply to the imaging unit 205, poWer is con 
stantly supplied to the imaging unit 205 and poWer consump 
tion is Wasted more than necessary even though poWer supply 
only to the signal processor 102 is turned off. 

In order to overcome such Wasted poWer consumption, as 
shoWn in FIG. 11, the camera device 101 includes a main 
poWer supply unit 557, a standby poWer supply unit 555 for 
use in a standby mode, and an optical input sensor 559. The 
main poWer supply unit 557 supplies poWer to the compo 
nents other than the optical transmitter/receiver 211, such as 
the imaging unit 205 and the control unit 203, so that poWer 
can be supplied to the poWer supply system in the overall 
circuit of the camera device 101. The optical input sensor 559 
detects an optical signal from the signal processor 102 When 
the signal processor 102 is in an operation mode, and detects 
no optical signal When the signal processor 102 is out of 
operation. 
As shoWn in FIG. 11, the standby poWer supply unit 555 

supplies poWer only to the optical transmitter/receiver 211 of 
the camera device 101 to activate the optical transmitter/ 
receiver 211. In the camera device 101, the circuits other than 
the optical transmitter/receiver 211 are activated by poWer 
supply from the main poWer supply unit 557. 
The standby poWer supply unit 555 and the main poWer 

supply unit 557 receive poWer supply from the poWer supply 
unit 215 serving as a local poWer supply. 
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When the signal processor 102 is in a poWered-off state, a 

laser beam, Which is an optical signal, does not reach the 
optical transmitter/receiver 211 of the camera device 101. In 
this state, the optical input sensor 559 of the optical transmit 
ter/receiver 211 determines that no optical signal is input, and 
outputs a high signal LOS (Loss Of Signal). 
When the optical input sensor 559 detects a laser beam, it 

outputs a loW signal LOS. In response to the loW signal LOS, 
the main poWer supply unit 557 supplies poWer. When the 
signal LOS is high, the main poWer supply unit 557 does not 
supply poWer. 

Therefore, the signal processor 102 can control poWer sup 
ply from the main poWer supply unit 557 of the camera device 
101. The high or loW determination of the signal LOS is a 
simple determination based on the input level, and is still 
effective if Word synchronization of transmission data, 
described above, is not established. For example, even in the 
standby mode in Which poWer is supplied only from the 
standby poWer supply unit 555 and the converter 209, etc., of 
the camera device 101 are not operating, poWer supply can 
reliably be controlled. 

Accordingly, in the imaging apparatus 100 according to the 
embodiment of the present invention, the camera device 101 
and the signal processor 102 may be located in different 
distant places and can be remotely operated. 

According to the present invention, advantageously, the 
imaging apparatus 100 does not require complex connection 
of the multi-core cable 305, Which is essential to the imaging 
apparatus 200 of the related art shoWn in FIG. 2, and only 
requires, for example, the single tWo-?ber optical ?ber cable 
105, Which is thinner and lighter than the multi-core cable 
305. Therefore, the imaging apparatus 100 can be easily 
installed indoors. 

According to the present invention, furthermore, the opti 
cal ?ber cable 105 in the imaging apparatus 100 may be 
implemented as a general-purpose tWo-?ber cable. Thus, the 
cable cost can be reduced compared to the dedicated multi 
core cable 305 in the imaging apparatus 200 of the related art 
shoWn in FIG. 2. 

Moreover, digital multiplexed transmission signals are 
transmitted via the optical ?ber cable 105. Therefore, due to 
characteristics of the digital signals, signal degradation 
caused by long-distance transmission can be prevented com 
pared to analog signal transmission. 

Multiplexing transmission signals alloWs signals to be 
changed and added Without replacing a cable connecting the 
camera device 101 and the signal processor 102, and a ?exible 
system is therefore realiZed. 

Optical transmission prevents spurious radiation induced 
by cable extension, and therefore long-distance transmission 
via the extended cable and other electrical lines is not affected 
by induced noise. 

Optical connection, rather than electrical connection, 
betWeen the camera device 101 and the signal processor 102 
prevents the occurrence of malfunction or damage of or 
ground noise in the circuits of the camera device 101 or the 
signal processor 102 due to a ground potential difference 
betWeen the distant locations. 

In a case Where the signal processor 102 applies external 
synchronization, a PLL including the optical ?ber cable 105 
can easily be constructed, and the phases of signals of both the 
camera device 101 and the signal processor 102 can automati 
cally be synchroniZed With the phase of an external sync 
signal. Thus, there is no need for phase locking adjustment, 
Which is generally required for signal delay on transmission 
channels. 




